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CYP2D6 deficiency, a factor in ecstasy related
deaths?

Ecstasy related drug deaths are infrequent but tragic

events, which are difficult to study due to their relative

rarity and the multiple modes of death. Serotonin

syndrome, hepatic failure, hyponatraemia, and cerebral

haemorrhage all having been identified as causes of death

[1]. The group of drugs known as ‘ecstasy’ includes a range

of ring substituted amphetamines, the most common

ones being methylenedioxymethamphetamine [MDMA],

methlylenedioxyamphetamine [MDA] and methylene-

dioxyethylamphetamine [MDEA]. Widespread polydrug

use and changing patterns among the users of ecstasy is

common, adding to the complexity [2]. Tucker et al. raised

the possibility that genetically determined poor metab-

olism of ecstasy may be a predisposing factor for acute

toxicity (serotonin syndrome) and ecstasy related deaths

[3]. This hypothesis was examined by Schwab et al. [4]

and by O’Donohoe et al. [5] who found no evidence for

such a link, although the authors conceded that a larger

study was required.

CYP2D6 [debrisoquine hydroxylase], one of the

cytochrome P450 enzymes, is involved in the metab-

olism ofMDMA. CYP2D6 activity is lacking in 5% to 10%

of Caucasians, known as poor metabolizers [PM] [3].

These individuals can be distinguished from individuals

with levels of enzyme in the normal range [extensive

metabolizers [EM]] using a polymerase chain reaction

[PCR] based genotyping assay.

We have compared the prevalence of the CYP2D6 PM

genotype with that in the general population, using a PCR

assay to analyse post mortem samples from individuals

believed to have died from ecstasy related toxicity (defined

by the pathologist as the presence of MDMA, MDA or

MDEA at post mortem toxicological examination).

Samples of post mortem material from 15 individuals

who had tested positive for MDMA, MDA or MDEA

were obtained from various U.K. pathology departments.

In 14 cases liver tissue specimens were used and DNA

was extracted from the paraffin embedded tissue by

dewaxing with xylene followed by proteinase K digestion

[6]. In one case a blood sample had been obtained prior to

death and used for DNA preparation by the standard

methods. Biological material was screened for the non

functional CYP2D6*3 and CYP2D6*4 alleles by two

separate PCR reactions which involved amplifications

of exons 4 and 5 followed by digestion of the products

with the restriction enzymes BstNI and MspI, respectively

[7, 8].

Thirteen samples could be genotyped for both the

defective alleles CYP2D6*3 and CYP2D6*4, one for the

CYP2D6*4 allele only, and in one no PCR product was

obtained. None of the 13 samples genotyped for both

CYP2D6 alleles was homozygous for CYP2D6*3,

CYP2D6*4 or a combination of the two, and therefore

was not predicted to be PM. Five of the subjects were

heterozygous and the remainder were homozygous wild

type [Table 1].

The frequency of the CYP2D6*3 plus the CYP2D6*4

allele was 0.18, which is close to the value of 0.25

previously reported for a group of 662 British controls [9].

The heterozygote frequency in the ecstasy-related deaths

patients was 35.7% which was not significantly different

from that control group in the previous study [40.3%,

P>0.05]. The genotyping procedure used detects 88% of

phenotypic CYP2D6 poor metabolizers [10].

Ecstasy related deaths are rare and complex events,

which have so far defied adequate explanation. Of the 14

post mortem samples that could be genotyped in this

study, none was genotyped as PM of CYP2D6 and,

therefore, would not be expected to show deficient

metabolism of MDMA. Our study is small which limits its

power and fails to demonstrate statistical significance but

our findings do support those of O’Donohoe that poor

metabolizers of CYP2D6 are not at greater risk of

ecstasy-related death. There appear to be other metabolic

mechanisms which compensate for the poor metabolism of

these drugs by CYP2D6 [11].

Table 1 CYP2D6 genotyping data.

Sample Area CYP2D6 genotype Predicted phenotype

1 Nottingham *1/*3 EM

2 Preston *1/*1 EM

3 Preston *1/*1 EM

4 Blackpool *1/1* EM

5 Ayr *1/*1 EM

6 Ayr *1/*1 EM

7 Ayr *1/*1 EM

8 Sheffield *1/*1 EM

9 Sheffield *1/*1 EM

10 Sheffield *1/*1 EM

11 Sheffield *1/*4 EM

12 Sheffield *1/*4 EM

13 Sheffield *1/*4 EM

14 Sheffield *1/*4 EM

f 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 69–70 69



The authors would like to thank the following pathology

departments for their kind assistance in supplying samples for this

study:

Department of Histopathology–Blackpool Victoria Hospital Trust

Department of Pathology–Crosshouse Hospital Trust Kilmarnock

Department of Forensic Pathology–University of Sheffield

Department of Pathology–Royal Preston Hospital

Funding was obtained from HIV & Addictions Department Ruchill

Hospital Glasgow

T. C. Gilhooly1 & A. K. Daly2
1VMOGlasgow Drug Crisis Centre, 123 West Street, Glasgow G5 8BA

and 2Department of Pharmacological Sciences, Framlington Place, Newcastle

Upon Tyne NE2 4HH

Received 5 July 2001, accepted 17 December 2001

Correspondence: Dr T. C. Gilhooly, VMO Glasgow Drug Crisis

Centre, 123 West Street, Glasgow G5 8BA.

References

1 Milroy CM, Clark J, Forrest A. Pathology of deaths associated

with ‘ecstasy’ and ‘eve’ misuse. J Clin Pathol 1996;

49: 149–153.

2 Forsyth AJ. Places and patterns of drug use in the Scottish dance

scene. Addiction 1996; 91: 511–521.

3 Tucker GT, Lennard MS, Ellis SW, et al. The demethylenation

of methylenedioxymethamphetamine (‘ecstasy’) by

debrisoquine hydroxylase (CYP2D6). Biochem Pharmacol 1994;

47: 1151–1156.

4 Schwab M, Griese U, Hermle L, Gouzoulis E,

Zanger U, Mikus G. Is there an impact of CYP2D6

genotype on the toxicity of ‘ecstasy’ and related

designer drugs? Naunyn-Schmiedebergs Arch Pharmacol

1998; 357: 639.

5 O’Donohoe A, O’Flynn K, Shields K, Hawi Z, Gill M.

MDMA toxicity. No evidence for a major influence of

metabolic genotype at CYP2D6. Addiction Biol 1998;

3: 309–314.

6 Jackson DP, Hayden JD, Quirke P. Extraction of nucleic acid

from fresh and archival material. In PCR, a Practical Approach

eds McPherson, MJ, Quirke, P, Taylor, GR. 1991; IRL Press,

Oxford.

7 Smith CAD, Gough AC, Leigh PN, et al. Debrisoquine

hydroxylase gene polymorphism and susceptability to

Parkinson’s disease. Lancet 1992; 339: 1375–1377.

8 Daly AK, Armstrong M, Monkman SC, Idle ME, Idle JR.

The genetic and metabolic criteria for the assignment of

debrisoquine 4–hydroxylation (P450IID6) phenotypes.

Pharmacogenetics 1991; 1: 33–41.

9 Beyeler C, Armstrong M, Bird HA, Idle JR,

Daly AK. Relationship between genotype for the

cytochrome P450 CYP2D6 and susceptibility to ankylosing

spondylitis and rheumatoid arthritis. Ann Rheumatic Dis

1996; 55: 66–68.

10 Leathart JBS, London SJ, Steward A, Adams JD, Idle JR,

Daly AK. CYP2D6 phenotype-genotype relationships in

African-Americans and Caucasians in Los Angeles.

Pharmacogenetics 1998; 8: 529–542.

11 Kreth K, Kovar K, Schwab M, Zanger UM. Identification

of the human cytochromes P450 involved in the oxidative

metabolism of ‘Ecstasy’-related designer drugs. Biochem

Pharmacol 2000; 59: 1563–1571.

Letter to the Editors

70 f 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 69–70


